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(57)Abstract 

PROBLEM TO BE SOLVED: To allow an anatase titanium oxide film to sufficiently exhibit its photocata lytic 
activity. 

SOLUTION: A photocata lytic film made of anatase titanium oxide is formed on a glass substrate with a smooth 
surface, the center line average surface roughness Ra of the film is 5-40 nm, and an average particle size Dav of 
the anatase titanium oxide is 20-200 nm. A production method of the glass with a photocatalytic film is to be 
described. 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the glass with the photocatalyst film which came to give the film (for it 
to be called the photocatalyst film) which gives the hydrophilicity and fog resistance by the photocatalyst activity of the 
film which consists of anatase mold titanium oxide, i.e., anatase mold titanium oxide, and decomposition and 
antifouling property of the adhesion organic substance on the glass base which has a smooth front face, and fully 
utilized the photocatalyst function of anatase mold titanium oxide especially. 
[0002] 

[Description of the Prior Art] In JP,9-328336,A, mean particle diameter has Ti02 less than lOOnm particle. Apply to a 
base material and the coat which has the photocatalyst activity which heat-treated the specific component constituent 
containing the component which increases membranous endurance again to JP,1 1-262669, A The photocatalyst coating 
liquid which made the hydrolyzate of Ti alkoxide, and anatase mold Ti02 particle with a mean particle diameter of 
lOOnm or less contain, And this photocatalyst coating liquid is used and the coating base material which has the 
photocatalyst film which applied, was made to calcinate and was formed on the heat-resistant substrate is indicated. 
[0003] or the photocatalyst coating which becomes JP, 10-259320, A from the ultrafine particle titanium oxide system 
multiple oxide of 0.01 micrometers - 0.1 micrometers of mean diameters, the organic solvent, beta-diketone and a 
coupling agent, and silica sol of a primary particle - moreover, the light catalytic coating constituent which comes out 
comparatively and contains suitably in JP,1 1-323195,A the mixed solvent which consists of a l-50nm light catalytic 
metallic-oxide particle, and perfume, a difficulty resolvability binder, a water-soluble solvent and water preferably the 
mean particle diameter of l-100nm is indicated. 
[0004] 

[Problem(s) to be Solved by the Invention] When it is in a size range with the photocatalyst particle which consists of 
anatase mold titanium oxide generally, photocatalyst activity can be demonstrated good, field smooth nature is spoiled 
as it is bigger and rougher, transparency falls, and film reinforcement falls. If an another side photocatalyst particle 
passes minutely, photocatalyst activity will fall, the homogeneity dispersibility of a particle is spoiled, and that film 
reinforcement tends [ on the contrary ] to fall can say. 

[0005] According to the result which this invention persons examined and examined wholeheartedly, it being fully 
exposed of the very important thing on the film front face so that said photocatalyst particle's may receive light 
(excitation light), and said film front face were understood that it is important to enlarge surface area to some extent that 
a touch area (light-receiving area) with light (excitation light) should be increased as much as possible. 
[0006] Each advanced technology mentioned previously is difficult to consist of spreading film which consists of a 
binder component which **** a photocatalyst particle and it, and to adjust making a film front face fully expose a 
photocatalyst particle and surface roughness to predetermined granularity. 

[0007] Moreover, it is hard to say that only adopting a very fine particle has relation with close increasing membranous 
surface area from photocatalyst activity falling if a photocatalyst particle passes minutely in fact, and a mediation 
component existing although it is indicated by previous JP,9-328336,A that pore formation of the clearance between 
particles is carried out, membranous surface area increases, and catalytic activity becomes high so that a photocatalyst 
particle is a particle. 

[0008] This invention aims at fully demonstrating the photocatalyst activity of the photocatalyst film having made into 
the moderate size range the anatase mold titanium oxide which constitutes the photocatalyst film, and by having 
increased the surface area of the photocatalyst film in connection with it. 
[0009] 

[Means for Solving the Problem] This invention comes to form the film which consists of anatase mold titanium oxide 
on a smooth glass base, and center line average granularity Ra on the front face of the film is glass with the 
photocatalyst film whose mean particle diameter Dav of 5-40nm and anatase mold titanium oxide is 20-200nm. 



[0010] This invention is the approach of manufacturing said glass with the photocatalyst film, and is the manufacture 
approach of glass with the photocatalyst film of succeeding in said titanium oxide film with the anatase mold titanium 
oxide film again, by forming the titanium oxide film on a glass base, respectively, and heating further 450-650 degrees 
C of glass with these titanium oxide film for 20 to 60 minutes with sputtering from the titanium target in PVD, or the 
spray of the liquid containing the titanium compound in a heat spray method. 

[001 1] Furthermore, by carrying out the regurgitation of the CVD gas by the ordinary-pressure CVD method on a glass 
base, this invention is the approach of manufacturing said glass with the photocatalyst film, and is the manufacture 
approach of the glass with the photocatalyst film by carrying out the regurgitation from two steps thru/or two or more 
step nozzle beyond it which allotted the CVD gas which prepared the concentration of membrane-formation material 
gas including the source of titanium to ten - four or less mols / carrier-gas 1L in the transit direction of the glass base 
heated at 450-650 degrees C. 

[0012] In addition, said center line average of roughness height is specified to JIS B 0601, is measured mainly with a 
field emission mold scanning electron microscope (FE-SEM), and is expressed in conformity with a convention. 
[0013] 

[Embodiment of the Invention] Although it is known that anatase mold titanium oxide has high photocatalyst activity 
also in various photocatalyst matter, in order to make the function demonstrate enough further, a design work is carried 
out in this invention. 

[0014] As a base, center line average-of-roughness-height Ra has the smooth front face which is 2nm or less extent, and 
applies the thing which can be equal to 500-600-degree C heating, i.e., a glass base, and a float glass. 
[0015] Let center line average-of-roughness-height Ra in the front face of the anatase mold titanium oxide film be the 
range of 5-50nm in this invention. In order to fully demonstrate the photocatalyst activity of anatase mold titanium 
oxide, membranous surface area is increased, it is necessary to make light (excitation light) easy to receive [ more ], 
and, for that purpose, surface roughness Ra is set to 5nm or more. However, if surface roughness is made excessive, 
unevenness will arise with the photocatalyst activity considered to originate also in also whenever [ illuminating-angle / 
of light ], for example, spots-like contamination unevenness will remain to the dirt by the organic substance. There is 
also fault that dirt tends to deposit according to, of course surface irregularity being excessive. Moreover, the inclination 
for membranous abrasion resistance to be inferior arises. Especially in a glass base, the haze by the concavo-convex 
split face increases, and fluoroscopy nature is spoiled. Therefore, surface roughness Ra may be a maximum of 40nm or 
less. It is desirable to make surface roughness Ra into the range of 10-20nm more suitably. 

[0016] The mean particle diameter of anatase mold titanium oxide is good to make mean particle diameter Dav into the 
range of 20-200nm also with regards to the center line average of roughness height on said front face of the film. If 
photocatalyst activity is inadequate in it being less than 20nm and 200nm of another side is crossed, membranous 
surface roughness will be made excessive as a result, and the same fault as point ** will arise. It is desirable to make 
mean particle diameter Dav into a 20-100nm size range suitably. 

[0017] Although the thickness of the anatase mold titanium oxide film is not specified, it is desirable to consider as the 
thickness of 50nm or more, when it is connected also with the particle size of the granularity on said front face of the 
film and the photocatalyst matter and photocatalyst activity is fully demonstrated, and the further increase of 
photocatalyst activity cannot be expected as high thickness exceeding 500nm of another side. 
[0018] There are the following means as a suitable means to obtain the necessary film surface roughness in said 
photocatalyst film, and particle diameter. 

[0019] Case I — As [ represent / with the case sputtering method of PVD and a heat spray method ] In the case of the 
PVD which forms the titanium oxide film in a glass substrate by sputtering from a titanium target under the reduced 
pressure ambient atmosphere containing oxygen Or the spray of the liquid containing a titanium compound is only 
carried out to an about 400-600-degree C heating glass substrate. In the case of the heat spray method which forms the 
titanium oxide film by the pyrolysis of said titanium compound It is a near gestalt amorphously, and when [ in which, as 
for the titanium oxide generated also in these any, an amorphous gestalt or detailed anatase mold titanium oxide is 
scattered ] several nm or less and a titanium oxide crystal generate surface roughness Ra, mean particle diameter Dav is 
at most lOnm or less. 

[0020] The anatase mold titanium oxide of desired film surface roughness and request particle size can be easily 
obtained by heating or reheating this in about further 450-650 degrees C and about 20 - 60 minutes. In addition, if spray 
the heating float glass band pulled [ in / in the case of a heat spray method, a sheet glass continuation production line is 
applicable as it is, for example, / the float glass production line ] out in succession [ tub / float ] in a titanium compound 
solution with a heat spray method, the almost amorphous titanium oxide film is formed, it applies to the lehr upstream 
region succeedingly and it is made to carry out the aforementioned duration heating maintenance at 500 degrees C or 
more, titanium oxide can transfer to anatase mold titanium oxide, and the desired film can be obtained. 
[0021] Case II ~ In the case ordinary pressure CVD method of an ordinary pressure CVD method As desired film 



surface roughness and indispensable requirements in [ obtaining the desired diameter of anatase mold titanium oxide 
crystal grain ] Membrane formation material gas concentration to a carrier gas flow rate is made low, and carries out the 
gas regurgitation in the first place, It is an important factor to arrange two or more steps of regurgitation nozzles in the 
glass substrate transit direction to the second, and to carry out the gas regurgitation according to transit of a substrate 
more gradually than two or more steps of nozzles. By setting concentration of membrane formation material gas to ten - 
four or less mols / carrier gas 1L, and carrying out the gas regurgitation from two steps thru/or two or more step nozzle 
beyond it allotted in the transit direction of the glass substrate heated at 450-650 degrees C The anatase mold titanium 
oxide of request surface roughness and request particle size can be obtained easily. In addition, as carrier gas, nitrogen 
gas, air, etc. are employable. 

[0022] Of course, there are some which made center line average granularity Ra in the front face of the film which 
consists of the above-mentioned anatase mold titanium oxide the range of 5-50nm, and made mean particle diameter 
Dav of anatase mold titanium oxide the range of 20-200nm under the category of the glass with the photocatalyst film 
of this invention irrespective of these process means. 

[0023] In addition, it is contained also when forming the film which becomes the maximum upper layer from the 
photocatalyst matter through the oxidation silicon film, the aluminum-oxide film, the substrate film of a tin oxide film 
and others, and the substrate film more than said bilayer also besides forming the direct photocatalyst film on a base in 
this invention. Desired granularity can be made easy for these substrate film to be in the inclination which increases the 
center line average of roughness height in the film which consists of photocatalyst matter, and to obtain generally. An 
example explains this invention below. 
[0024] 

[Example A] The case of an ordinary pressure CVD method [an example A-l] 

(Production of glass with the film) Clear soda lime silica system float plate glass lnm or less was prepared, and on this 
sheet glass heated in temperature of about 550 degrees C, center line average-of-roughness-height Ra on a refractive 
index 1.51, 5mm of board thickness, and the front face of a plate specified to JIS B 0601 breathed out the gas which 
consists of an organic titanium compound, and formed the titanium oxide film with the ordinary pressure CVD method. 
Titanium tetraisopropoxide is used as the main raw material. By bubbling A part for namely, material gas discharge 
quantity 6xl0-4mol/, The amount of carrier gas (air) The CVD gas (material gas concentration 6xl0-5mol/carrier gas 
1L) which consists of a part for lOL/is prepared. Set spacing between the suction nozzles before and behind that (slit) to 
60cm a core [ lm a part for /and the membrane formation field of the sheet glass transit direction of sheet glass bearer 
rates, i.e., a regurgitation nozzle, (slit) ], and this is made into one step. Furthermore, a total of two steps of three steps 
of arrangement of said same gas regurgitation nozzle (slit)-suction nozzle (slit) was installed along the sheet glass transit 
direction, and CVD gas was breathed out from each nozzle (slit) on sheet glass with transit of sheet glass. In addition, as 
well as obtaining desired high thickness, the membrane formation especially by three steps of nozzles (slit) is effective, 
when storing the diameter of a film constituent particle, and film surface roughness in the predetermined range. 
[0025] (Various measurement of glass with the film and the film) According to the surface observation by the field 
emission mold scanning electron microscope (FE-SEM), measurement and the spectral transmittance by the 
spectrophotometer, reflection factor measurement, and the count based on it, average thickness was 150nm, most film 
constituent particles (crystal) were distributed over 20-1 OOnm of diameters, and mean particle diameter Dav was about 
60nm. Moreover, center line average-of-roughness-height Ra on the front face of the film based on JIS was 1 5nm. In 
addition, according to the X diffraction, the film consists of anatase mold titanium oxide. The permeability of the visible 
region of sheet glass with spectral transmittance measurement ****** indicates high fluoroscopy nature to be 83%. 
[0026] (Photocatalyst functionality <antifouling property> trial) By dip coating, 1 wt% oleic acid / acetone solution was 
applied to said sheet glass with the film by 1.2mm/second in pull-up rate. When water is dropped after spreading 
desiccation and before an optical exposure, the contact angle of waterdrop is about 60-70 degrees. When the contact 
angle of waterdrop was measured with Mitsuteru putting and time amount progress from the distance of 50cm by the 
daytime white fluorescent lamp of 40 W, most of 5 degrees or less and the adhesion organic substance was decomposed 
in 2.5 hours, and it turned out that a film front face presents hydrophilicity and antifouling property. 
[0027] [The example A-l of a comparison] 

(Production of glass with the film) On the same sheet glass as an example A-l, on the almost same conditions as an 
example A-l However, the amount of carrier gas (air) The discharge quantity of material gas considers as 3 times as 
much a part (material gas 1.8xl0-4mol/carrier gas 1L) for 1.8xl0-3mol/and high-concentration CVD gas as an example 
A-l to a part for 10L/. And the titanium oxide film was formed by the usual one 1 conveyance membrane formation in a 
CVD method, having used the nozzle only as one step. 

[0028] (Various measurement of glass with the film and the film) Most film constituent particles (crystal) were 
distributed over 10-30nm of diameters, the average thickness by the same surface observation as an example A-l, 
measurement and spectrometry, and count is 150nm, and center line average-of-roughness-height Ra on the front face 



of the, film was [ mean particle diameter Dav was about 20nm, and ] 4nm. According to the X diffraction, the film 
consists of anatase mold titanium oxide. Moreover, the light permeability of the sheet glass with the film based on 
spectral transmittance was almost the same as the example 1 , and was 84%. 

[0029] (Photocatalyst functionality <antifouling property> trial) When the oleic acid solution was applied like the 
example A-l and the contact angle of waterdrop was measured with Mitsuteru putting and time amount progress by the 
daytime white fluorescent lamp after that, by the time the 60-70-degree contact angle became 5 degrees or less at the 
beginning, it needed for 24 hours, and photocatalyst activity was considerably inferior compared with the example A-l . 
[0030] Like the example A-l of a comparison, what formed membranes by making material gas concentration into high 
concentration in one step cannot obtain predetermined film surface roughness and the predetermined diameter of a film 
constituent particle, but photocatalyst activity is inferior. 
[003 1 ] [The example A-2 of a comparison] 

(Production of glass with the film) On the same sheet glass as an example A-l, it is the almost same conditions as an 
example A-l, however considered as the usual one 1 conveyance membrane formation only by the one-step nozzle, this 
was repeated, it conveyed 3 times, and the titanium oxide film was formed membrane formation and by carrying out a 
laminating a total of 3 times. 

[0032] (Film, and attached various measurement of glass) Average thickness by the same surface observation as an 
example A-l, measurement and spectrometry, and count Most film constituent particles (crystal) were distributed over 
20-50nm of diameters, it is 150nm and center line average-of-roughness-height Ra on the front face of the film was 
[ mean particle diameter Dav was about 40nm, and ] 3.3nm. According to the X diffraction, the film consists of anatase 
mold titanium oxide. Moreover, the permeability of the visible region of the sheet glass with the film based on spectral 
transmittance was the 83 almost same% as an example A-l 1. 

[0033] (Photocatalyst functionality <antifouling property> trial) When the oleic acid solution was applied like the 
example A-l and the contact angle of waterdrop was measured with Mitsuteru putting and time amount progress by the 
daytime white fluorescent lamp after that, a 60-70-degree contact angle did not become 5 degrees or less after 12 hours 
at the beginning, but photocatalyst activity was considerably inferior compared with the example. 
[0034] In this example A-2 of a comparison, although the same effectiveness as an example A-l was aimed at, the 
anatase mold titanium oxide of desired film surface roughness and the diameter range of a film constituent particle of 
desired could not be obtained, and desired effectiveness was not acquired, either. 
[0035] 

[Example B] The case of PVD and a heat spray method [an example B- 1 ] 

(Production of glass with the film) The same sheet glass as an example A-l was prepared, and the titanium oxide film 
was formed by the DC magnetron sputtering method. That is, on sheet glass, titanium was used as the target and the 
titanium oxide film was formed by the DC magnetron sputtering method on the conditions of the applied voltage of 
50k W, sheet glass bearer rate 1 m/min, and 2.54m of membrane formation fields (die length) under 5% mixing argon 
atmosphere of 1x10-5 oxygen of m3/min. In addition, said titanium oxide film was amorphous titanium oxide. 
Furthermore, this glass with the film was set in the electric furnace, heating maintenance was carried out with the glass 
temperature of 550 degrees C for 30 minutes, it cooled slowly on condition that 100 degrees C/Hr after that, and film 
formation was completed. 

[0036] (Various measurement of glass with the film and the film) The average thickness by the same surface 
observation as an example A-l, measurement and spectrometry, and count was [ center line average-of-roughness- 
height Ra on about lOOnm (almost distributed over 50-150nm of diameters) and the front face of the film of average 
**** Dav of 200nm and a film constituent particle (crystal) ] 20nm. According to the X diffraction, the film consists of 
anatase mold titanium oxide. The permeability of the visible region of the sheet glass with the film based on spectral 
transmittance was 83%. 

[0037] (Photocatalyst functionality <antifouling property> trial) When the oleic acid solution was applied like the 
example A-l and the contact angle of waterdrop was measured with Mitsuteru putting and time amount progress by the 
daytime white fluorescent lamp after that, the 60-70-degree contact angle decomposed most of 5 degrees or less and the 
organic substance in 2 hours at the beginning, and it turned out that a front face presents hydrophilicity and antifouling 
property. 

[0038] [Example B-2] 

(Production of glass with the film) The same sheet glass as an example A-l was prepared, and the titanium oxide film 
was formed with the heat spray method. That is, the solution of 33 % of the weight of titanium compound concentration 
which consists of dichloromethane as the JI propoxy screw acetylacetonato and the solvent as a titanium compound as a 
drug solution for sprays was prepared. After setting sheet glass to the electric furnace with a laying temperature of 600 
degrees C and holding it for about 10 minutes, said sheet glass was taken out, immediately, from the spray gun, it 
sprayed at a rate of 83g/50cm** (glass size), said drug solution for sprays was once cooled, and the titanium oxide film 



was formed. The film was almost amorphous titanium oxide film. Furthermore, this glass with the film was heated at 
550 degrees C for 30 minutes, it cooled slowly on condition that 100 degrees C/Hr after that, and film formation was 
completed. 

[0039] (Various measurement of glass with the film and the film) The average thickness by the same surface 
observation as an example A-l, measurement and spectrometry, and count was [ center line average-of-roughness- 
height Ra on about 20nm (almost distributed over 10-40nm of diameters) and the front face of the film of the mean 
particle diameter Dav of 70nm and a film constituent particle (crystal) ] 7nm. According to the X diffraction, the film 
consists of anatase mold titanium oxide. The permeability of the visible region of the sheet glass with the film based on 
spectral transmittance was 83%. 

[0040] (Photocatalyst functionality <antifouling property> trial) When the oleic acid solution was applied like the 
example A-l and the contact angle of waterdrop was measured with Mitsuteru putting and time amount progress by the 
daytime white fluorescent lamp after that, the 60-70-degree contact angle decomposed most of 5 degrees or less and the 
organic substance in 4 hours at the beginning, and it turned out that a front face presents hydrophilicity and antifouling 
property. 

[0041] [Example B-l of a comparison] (production of glass with the film) Although the same sheet glass as an example 
A-l was prepared and sputtering membrane formation of the titanium oxide film was carried out on the completely 
same conditions with the example B-l on this sheet glass, reheating processing was not performed after membrane 
formation. 

[0042] (Film, and attached various measurement of glass) The average thickness by the same surface observation as an 
example A-l, measurement and spectrometry, and count was [ center line average-of-roughness-height Ra on about 
20nm (almost distributed over 10-30nm of diameters) and the front face of the film of the mean particle diameter Dav of 
200nm and a film constituent particle (crystal) ] 2nm. The film was almost amorphous and the permeability of the 
visible region of sheet glass with the film was 83%. 

[0043] (Photocatalyst functionality <antifouling property> trial) When the oleic acid solution was applied like the 
example A-l and the contact angle of waterdrop was measured with Mitsuteru putting and time amount progress by the 
daytime white fluorescent lamp after that, a 60-70-degree contact angle hardly changed at the beginning, and 
photocatalyst activity was not accepted. 

[0044] " u 
[Effect of the Invention] According to this invention, the effectiveness that membranous photocatalyst activity can be 
increased is done so by adjusting the surface roughness of the photocatalyst film which consists of anatase mold 
titanium oxide, and the diameter of crystal grain. 



[Translation done.] 



